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Interest in the use of optical fibres for sensing and communications systems has spurred the development of a wide variety of single-mode fibre optic components [1, 2] , which perform the same functions as their more familiar counterparts in bulk optics. Among the optical components produced in fibre form are polarizers, beamsplitters, polarization controllers, filters, and phase-modulators. One wave number ko such that k2 = kl + ko will give strong interactions. As there will be both forward and backward wave space harmonics with mo/ko positive and negative respectively, two optical frequencies col + Mo and col -Wo respectively and satisfying k2 = kl + ko will be generated For example, both sidebands will be generated by the periodically ridged block illustrated in figure 2, which is placed in contact with the fibre and vibrated at a frequency Wo [4] . [6] or by incorporating asymmetric stress into the fibre during fabrication [7] figure 3 and that the x-and y-axes are chosen so that the x-axis coincides with the slow polarization and the y-axis coincides with the fast polarization, i.e. kx &#x3E; ky. All In a practical device, it will be desirable to vary the input frequency over some range and frequency modulate the shifted wave. As the frequency is detuned from the value which satisfies the phase-matching condition, the coupling efficiency will decrease. Using equation (6) If we choose the period L equal to a beat length LB, the n = 0 term does not have much effect, but the n = 1 term of the first sum in equation (16) and the n = -1 term of the complex conjugate couple the two optical waves strongly. The n = 1 term produces an upper sideband at W + Wa and the n = -1 term produces a lower sideband at 03C9 -Coa. The higher order space harmonics will also produce coupling, but as noted earlier, their effect will be minor because they do not satisfy phase-matching.
Experiment
We have conducted preliminary experiments to test the principles just discussed in section 2. The first experiment used a co-propagating surface acoustic wave to provide a 1.5 MHz frequency shift, while the second experiment used a bulk longitudinal wave impinging on the fibre at an angle to provide a frequency shift of 15 MHz. In both cases, the sideband spectrum was observed by optically heterodyning the output of the frequency shifter down to a centre frequency of 40 MHz, using the system shown in figure 5 , so that the spectrum could be examined using a rf spectrum analyser. Although in principle a pure single-sideband frequency-shifted output is possible, in practice the selected polarization contains residual spectral components at the carrier frequency and at the frequency of the image sideband These spurious signals can be caused by the finite extinction ratio of the polarizers, the limited polarization holding ability of the fibre, static coupling induced by the force used to press the fibre against the acoustic transducer, and by the fact that the true modes of the fibre are only approximately linearly polarized [14] . One goal of device design is the suppression of these undesired spectral components.
The first device to be described uses a surface acoustic wave launched by an edge-bonded transducer [15] onto an aluminum block to provide the required periodic perturbation of the fibre birefringence, as shown in figure 6 . The beam is 13 mm wide measured perpendicular to the fibre, so that much of the acoustic power is not effective in perturbing the fibre. This results in low efficiency, but can be corrected by using a more appropriate transducer design, as we will discuss later. Damping putty is applied to other surfaces of the block to extinguish reflections and waves launched in the wrong direction. The fibre is pressed against this surface by squeezing it between the block and a flat aluminum base. Although mass loading might be expected to damp the surface wave in the contact region, this has not proved to be the case. We believe this is because the actual region over which a Hertzian contact [16] is formed is very much smaller than an acoustic wavelength. 
